Abstract. This study introduced a multi-criteria decision making TOPSIS method to identify the compromised groundwater remediation strategies in 10 and 20 years periods. Based on the PAT technology, the model is applied to a real-world area located in northeastern China where groundwater system has been contaminated severely. Four influential criteria (i.e. total pumping volume, total cost, average remaining contaminant concentration and maximum excess life time cancer risk) are considered for 10 potential pumping alternatives. Results from the case study indicate that A5(10-year) and A8(20-year) are the desired remediation strategy during remediation process.
Introduction
Vulnerable natural groundwater resource has been threatened and deteriorated seriously during the last two decades. Pump and treat (PAT) have been identified as one of the established techniques to improve the remediation effectiveness of contaminated aquifers. In this system, contaminated groundwater is extracted from the subsurface by pumping, then treated it on the ground through remediation technologies and finally injected it back to confine the pollutant plume and decontaminate groundwater environment effectively.
In recent years, many researchers have been applying MCDA method in remediation technologies selection and risk analysis of subsurface pollution. For instance, Huang and Mayer [1] introduced a dynamic formulation of the multi-period optimization management model, where the well locations are incorporated in the model as explicit decision variables; He et al. [2] put forward an integrated simulation, inference, and optimization method for optimizing groundwater remediation systems in western Canada; Parsi et al. [3] proposed an optimization approach based on the firefly algorithm (FA) combined with a finite element simulation method (FEM) to determine the optimum design of pump and treat remediation systems. In this study, we develops a hybrid algorithm by integrating the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) and PAT to solve the design problem.
Methodology
TOPSIS method, known in the technical literature as Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), represents a decisional method for prioritizing solutions that has been development since 1981 by C.L. Hwang and K. Yoon [4] . The basic steps of this model can be described as following:
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Results
The developed multi-objective method above has been applied to the remediation of a contaminated area located in northeastern China. The detailed evaluation of each alternatives for four criteria for the 10-year and 20-year remediation durations are calculated as shown in Table 1 , respectively. Total pumping rate (TPR), total costs (TC), average remaining contaminant concentration (ARCC) ,maximum excess life time cancer risk (MELCR) are considered. These weights for each remediation periods are determined based analytical hierarchy process (AHP) method which is the best known and most widely used in MCDA approach, as well as the preference of the related experts and stakeholders, as shown in Table 2 . What are described in Table 3 are the ranking of 10 repair schemes under two remediation periods respectively in accordance with their relative approximation with positive and negative ideal solution. In detail, in the first group, A5 is the optimal, its score (0.773) holds a safe lead compared to the worst, A3 of 0.133 in this group. In the second group, A8 outshines others, its value is 0.244, however A6(0.132) in the same group occupies the worst, ranks last. Fig.1 The overall performance of 10 actions in10-year(a) and 20-year(b) under the comparison of the relative distance Fig.1(a) depicts the comparison of distances coming from the algorithms mentioned, concluding 10 remediation plans in group 1. As is seen visually in the figure, A5(0.773) is the best solution that we need, its low expense and environment protection meet the new tenet of energy-saving and sustainability very well. By contrast, A3(0.133) does not accord with energy conservation and efficient purpose. In Fig.1(b) , it describes another 10 evaluation objects. According to the results, it is obvious that A8 is the first during the ranking of outranking flow, which means that A8 is the optimal remediation strategy under 20-year period, but on the other hand A6 is the worst. In practice, specialists should consider corresponding parameters of A5 such as pumping rate as a standard, so as to make the groundwater repair work more efficient and low consumption.
Conclusions
In this study, ten alternatives and four criteria in 10-year and 20-year remediation periods were considered in the numerical example to examine the modified TOPSIS model outputs against different set of weights. According to the complete ranking of results, optimal choice can be easily sorted out as the expected. But in terms of the application and improvement of the method, to make decision method more scientific and effective, many aspects deserve attention and to strengthen.
